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r t 

£ m&E ±W3. MSI HOII RO\Q. 

Xr^*r It 2} LH^^l^oj g^aojj Arg£|£r ^H*3 ^uh^o^ *)X|£l^0l ^£|b 

L«^0f| gMf*0|Lp|f 4|£f5» -p^-^/ §*£*fpt Uffxf £[3. 12 ^3^(2] Lff^Ofl ^'2^0( «ffxf£l 

SJfeQ. §3^!^ ^i^ 1 ?^ ^ 7H : ?¥£¥Ei ^HUimg ifof]l, a LH^OII EW 

g^s^n* ^^a. 333 i2 ews^s mm ?mm°^m &&s^Ho\m 

asm M33 ££7 r ^OfXfTJLf ^?fo, s £Jf ^ ef7fM of^ £2 Of -a*fS 3&2j7fof{£ ^0f| 

U|3K«*)afX| &3 All SSi £J0hgb S^P_^ A[0|0j|Ai ^gs^ 

□on 2ioiAi^ 01 #ehai ^tn^^ ^xn mm\ hsoii ^^#01 ^-gci. mm ^^§e 
fist siwmoi 2S§ tgxispiu st***! se^ 7|t«*i ^oi>iu 3^ <*tr# 

^Er3 13^51 ^efl^ t?£!3 7 r B^01| H| 3^ PbOg HHHojOl 

S^Sm Xio^^J mm ^ef^l^l Af-gBH sxiei #3 m soil q» 2f£0| Al^Sg 

=§f0 r xi3 21^ ^leoijfe Pbs h^e 2ia- onmes ^3 §^37f a^n^ 

A r §£Jb A^xt Q7||0|| £I0i>Hfe BtPI^3 g330l| 2|& BSOi! 3efe r O| Pblf^RSfg 

^n*3 geoei A r gg 3^ qpiwctfe 3§£ °itK 

7 r e*± S^0| ^OWTILF SEb A|^0| ^^6|jX|^ ^M\m nju r 3X* ^a. ^§1 ^m- 
3 m^nu °!!S01| ¥S[m ^SWIAj Afg£jb 2!Oi ISXPI^ MQ£ s 

£7F ^£p| 200-C EE 51^01!^ °H£!2| 3^-^^0j| [£f^ ^3 #^ 3^5| 

^£ ^A|3 ?i7| ttH^OJI »9f0B CH^fiAJfE S^o^ ^goj| 31 ^ ^3^^0| fi?£|3 SiP- 
^E80|JA| M£HA| £Wi# «XHSPI ^1^0« 91 0\ §3^01 ?|0jy Rot 

oi sawn ea. 



^H*3 g£|3-g ^g»af0|| 2»OJAi^ HH^IIo^ 3011 g^^^ ^Xilopl ?| 

^ 5g£ i^feQ. grUBj ^^^^ IT^^OI M0|^ SAIOif ^otoj goix-i^g X|mA|?|3, 

lupshai 2Bi£oi ^5i7i 41^ ^71 uncoil m&m mm h^?^ s^^^s 

3 q^OII ^H°i ^^^0| 0^BH£ StfOII 2i3. 

Oil HISfj 3^A|(^o t ^ A!) o| 7 [^^ S ^0| ^0[X|7| ^f^Cfj, ^^(#^)^0f| ^(HAj 2|2f^0f| £!^0|U 

^ 3B|°j(Glaze crimping) ^0| ^^6 r 7| 3^0| £J2ia- 5E 0| |§i oH^o^l ?|oH f?^^£ 

^ui^s^i xiof eoii oiojxiH^ u^^i^xi sa. 

m igoj 3fX1lb Pb2g£| tfff^OI ^3 ^ ^^A|S| Rf^Oil ^OiU&| 3§21Xi|j5?^ U| MBH A| £ 
tN^ofl ?|0(tf ^2f#^ ^B*3 l&f3S xjl^of^ ofioff 



^ ^SOII ^Hr3 #£|33f g£3^2r ^IS? AtO|0H ^^D|U7|| Ali£f5»o^ 0 |^0jx|^ 

m&n\m m^3oa ^otAf 3 s^^i sf^gt ^^m m^o\^ mm^ &®m 

3B|3 3 XI! 1^0|| SiOiAife ^7| Sj ^of #Ei 
Pb^^2| UfM+0| PbO^o^ lraol%0|5 r 7| £|3, 

Si^^5| Si 02011 30-B0rioI%. B^^M 8 2 0 3 0il <M^|1 gl^^ 2Q-50raol%. Zn^ 

$m ZnOS 0.5-25mol%. Ba ^ Sr^^M. BaOLHXI SrOOII d^l t[7« 

0.5-15i»olX«Ha3|- SAIOM. 

^^^o^Aj Na^ Na 2 0. Kfe K 2 0. Lib Li 2 00i| d5rl K Si Li g l^S o r b 2g 

£E^ Ff§ F 2 ^ ^Ahsh 0.1-10n,Dl%mf^!~ "S££ °tq. 

XI} 2=?£0li SiOiAlfe ^7|o| oo t# ^^ 
Pb^^2| tlf^Of PbO^o^ laol%0|&CT £|3, 

Si^^l Si O2CMI ^5|| ?Jto^ 30-60*10! B^gf ^OgOiJ d^li ^19.^ 20-40mof%. Zn^ 

ZnOOil Sd£[ 0.5-25wol%. Ba Sr^^M BaO LHX| SrOOII m\M f^7|| 
0.5-15mol%m^ h ^ §A|0H. 
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gfirei E^^b^Af Nab Na 2 0, Kb KgO, Life Li 2 0iJ £f£f£ gtfSf H3lM2j 1^ 3Eb 2g-Fr 

0|#M tf?ll 2M2mol%2| *j?|S BfTOBI. 
Fg F 2 ^ E^t! 2t°S 0.1-10«ol%iTffo^. 

9EE> Bi. Sb SI s|£^ ^4. RE(&, Sc. Y. La. Ce. Pr. Nd, Sm, Eu.Gd. Tb. Oy, Ho. Er. Tin, Yb SJ Lu^ 
0|¥OiXife ZOM £j9|£lb 3)01|Ai £q£|b §1 ^ff £b 2gff 0|^(L1§ f^Jtf bO|B[ 6i 
b Bi 2 O 3 0fI. Sbb SbA. REb. Ceb Ce0 2 . Prb Pr 7 O n . 3 £|b REAdl 2|2| ggg g^sj. ^ 
0.1~5mol%^fmb 5»e IS ° S 

b gJSSI ^Hf3 S3 301 2fO|A|b S3 *ftf2M £SSK?I ?jBfj A^o^b #Sfs Pb£ 

*^^0| PbO^o^ KOmoIXOjsS Bfb £Utf^ ^Lf(a§ 01 ai^Of) Pb^^ U^O) 

¥^^oib[ §tr). se yon Pb^^oi 7KHflUk)?t oi£coiie€0 Pb 2+ )2i s#o S 
H^goj 2i^2 asu sr^boii 2|sh 013101 ^b oib(onMgg Pb 3+ )o^ ot^, -R^gs] 

m&&o\ xjmm mgeuAi slw&o\ £#sib g^s spi nH^oir pbsfurs ^oj ^as^ 3 

8 0| 2^011 210\M£ *WQ. SEth Pbtmi^b ummtm^ 0.1nolX0|*h qs* HH^sptib 

m Si #4,£2] ^S^l £PI i^joi ai^ej^ »o*o|| 

2I0iAib Pb£b0| #Sf2| S»gat3 ooj:o| ^g^f i^3. #±A|2J 

£boi gsgats 3s^on i«:>f! spu&q. b ss^oub sig^si zranfjifsi srgoii ^oiai, 

ff^Eg^ &£PH2M ££o[^ qiq^f ^tfgf ^XHSU EEf 3 

Si^g EEb B^g-e S^^^H^ H IT^g *J£j^fe 3* 

^ Ml eo| 3 oj l^ty (blocking) B|b Ql ^tTtf 3i0| £jH. ^ 

i^^^i ^et ^ gq. pi3 Si^^ sb B£j£b ^^^opl SboiH^ 8^A[ 

HA|?|b 21°^ S§(^ a B a )»^0|| 31^ gSA]^ °J SiOlb^l 00|^o| Afs^gOII *[gOfb 
^A|Q|| ^^A|2J ^e^0| ^^sjp. 

Si^^b 30mol%D|o|0| Ef0 l^^b^l ^£M>M| ^Q. EE Si^^O) 60molXl ^og o 

SPII EP. SE B^^ ff^2j &^x|b M 1^011 Alb 50«.ol%. Xl| 2^0|| A|b A0mo\%^ B\H 2iC|. 
01 m ^01 S^A15|S H££0\ 3f£sMI ^^01 ^3^(Glaze crimping)0| glQiU 

^1 ^i^APII iq. Ail 2?£0Mb ^#ahb ^e^H^^MQI S^£|0| sib M Elfi fll i?^ac|£ ^jb 

BimgoiiAis h^s^i ?iqjtr ^ slp. ^?4ai b^^2| ^^ib ^^Rd^^si ^ixii^^ 

^I^IAlb 3??l 2[Q. SE& Zn^bb A|6}A|?lb 2i^! «Hb01| 015! 

0| ¥^ofS £lb SlCf. Zn^ b^J ^RgO| 25»ol%# ^0 4!¥0}| 2|SH 

^^f^Oil ^I^Ca^)^# SI^PI ^Q. 0| Zn^bSJ iif^b Bf^S^lb 10-20moi%o| g?|^ 

ilSmb gQ. 5Ee Zn^b# 0| H[^5i^ £9. Zn^b A^|2| ^^£1^19 ^|o^ 

goii 21^ J\tm ^ £«^i hhsoii ^,oi°[ Rb^H^^bsj ti^^b 01 s^b 

0.1-2.5moUS Bfb ^iOi UtB239tCt. 

PlOil Ba^ b LHX| Sr^Mb ft^*S| 7|01&hb 2|0ll, ^SES| H^0||£ S.Uf7^ 21C}. 3 

tTK^Ol 0.5mol%aieo| £13 13^0| X16j8f^. LHM£«A| Sbl^OI b^£| b 31011 

9^ SF^T ^ g^iT 314^321 ^^0||Ai B^^oMb 0.5-10«iiol%_°| ^§B[b ^0| Ba^ 

3011 2iOJAib Ei^ Ai?^l Ba^b^l A^0| »B|«tq. 

5!! Ba^b §i Sr^b~ A[§^S0|| CQ^Alb ^Sf£!0(| 0I2|2| ^EH^ ^B^b 3^ 2iQ- 0|| 

l^g Bas0 4 M Ba^bS^S o[0t 0|g^ 3?, S^bOl f^^£KM| t^ofb 2iQ. 0| HU£b 

b B^AjOII ^^T#2| S0 E^0|| fe5f§f2, §§?r^ H0^i X]o^A|?1 £0i*lb 

M fe^ 4^ 2ib S^f 

9E Zn^^HT Ba St! Sr£!bM tJPJItf^^b ^SIS 7-25mcl%7f £Jb 5101 li^^lBiq. 

oii2| ®J\mHmo\ 2Smo\%m ^soij °?jcq. 0||l=g l^xil^ 213011b 

bM ^SoPI bxm £1} 5Eb MS! b2| A|3|ga#, ^Pr(fe^) bl 0|^B[D1 2JiH ^^mb 

3101 Wmx\JX 91 X| ?i yHE> -o|| ojsfi ej^^l A|2|S£2| ^=01 gmW\ £ib 9^ 2iq. SE 7inol%0i 
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2ICf. S£& 0! tPH»«ffS Hf^oMlfe 10-20molX;?r S|b- 31 0| HHf*|S r Q. 

qgoil emaj ^*r3@s| tPH^mgioi 2moi!&a}nf0| £jg ^e?mso| ^^Bf^l, M^rs 

«WI SQ. a 12mol%g yog oojo| ^g^ 0 | Xio r o r :a. UiM^AI £B|£!0| EE g 

^^0|| ^SljAib m S^BI o^Mi EM^ S iPr^rb 3!0| OHd Na, K, LiOjjA] £§ij£|b 2 

s» oi^m ^m)mym^ 201 mzs mi^Miow cm n&mQ- a mm mzmm 

^.T) g^B| ^3£5J §CflA|H ^ R^A|2| o^aj o, L Hg£HA| 

£H|g2| ^i22}b 27 r X|Sj eaj^ ^A|0|| M£W ^ 2in @CK0| ^Hr glJBl g*pr £3» . 

35101 XJi 1^0|| £»0|Aj^ g^Bl S^^e m Li2f2| 6U 21 q. K3££ Na °J Li 

Oil H|oH SX[^0| 3?| OH^Otl He moltr^MOIt g^Bj S^3M5J fWI HHii ^§El 3¥0ilb K£j£ 
8 Na^MOlU Li^^^£2j ^HdS^fe UEf-LHXl 8MB! #E NaU Li(^o| Li)2r B|Ho*OJ 

?PI Oi^g ^bQ- 01011 TO U3££ gXf^0| *P| QgO|| K^^2| H|B 

mot 3X1^ Ol^oj^S^f =^l OH^OII 3*£ES* *Prb #Sf*fi| ifojAj iJo?PI ^jQ. 

hem n\ wm\ ?io\m= &mm&g^o\ *p^ai 3^011 °io\m^ ms. $\®o\ 
&£&m =r m^m * »§g n&m S3p r = li^si mnm su, se^ li^m 

51 e?l0|| *iff r S e#5PI ?i$H K5f *PfM |«ofb 3!£ 231^ o[3 21 CK ^oj 2# 

si -s^^o! rnwv am\ m&s ^h^s^£ aasmom 

mim sei^ 2=p^oji °lo\m^ ^^s^i ^^011 mm^ 

81 Q) - 

aioii k^^ HH^oii 2i§r ^ar#si mwm ^ um^i ^^nm^ 

s*# ^ 3?-^ li^m ^^foii *tm\ ^mz k LisaE gfo_^ Na 

^I^M HHtrmb 31°^ 3^^d| a^Oij °J5li S2^2S 2JX1|^ ^ £»C_h 0| 

m^. 1S3^0| SE£? H^A|2j ^^0» ?10iUB1 SE?i ^3^1 A»EJ5|2I ^¥a|L|2f£] 

^^^^ Na. K, Lig K££S\ U\mm &7\SSk 2f0| ^Sf^ ^fs* ^tf^^OifAf. 
0.4<K/(Na + K+ Li) <0.8 

^1 ^Stfe 310| HtfratftQ. K/(Na + K+Li}^ ^JtOt 0 . 4D | &f 0|| Ai ^ K^7K»| ^H^a 

^f^h M^^oMI Elb 3^1 K/(Ma + K + Li)2| 21 M 0.80|6^ Bf^ >J^ 0.201^(0.6 

0|m)2| S?10||A1 K0j2jS| ^^MOJ 5^7} 31 2|D|S}3. ^^£1 5^^f §J1|0I| 2| 

ff UOpMife LH^eHAI SbH^S| f^ie SES^ 4^ SES K/(Na + K + l\)9] 0.5-0.7 

ma Li£j££ ^fi^e 91^ ^Bl S*P* H^#2| 5E^ H4:A| 

2| f?§^M ®Mt 4 212 ^ ^ E f ^AI?P| ttfl^Oll 1 ^ oi^a ^^Aj^|-b 3101 H^S|o* 

0.2<Li/(Na + K+ Li) <0.5 

5| S?|S ^§o|^ 3101 U^^SfCj. 

LI2| B!M0| 0.2D|S)0i|Aib d^5| &^D|U0H ^}|4^^ M " 5H*i 3 (Crazing) ^2| 

□1^ 21^. Li(Na+K+Li)S| ?Jt8 brl^SPIIb 0.3-0.452] g?|^ ^Sfe 31 0| 

QeOII F^^g £S5rb 31-^S fHil ^1 ^XJ|of 

SA|£ ^Ofoj X1ofA|?j P r ^A|^| B^^I ?Hd^fe S2fl ^!°1Q- H ^^0| F 2 ^ 

0.1fnoi%0|^0||Ai ~ ^Hd53|0|| ^^o r 2. lOfnol^S ^^A|0|| HJ7P|^0| £J 

? I S0{| 2}oH ^^f-0| 4H?|X|^ CtH^OlQ. 5£ ^^A|0l| F^|g§ ?\^\ ^S r 3. 0131 

o| §M ?^mb LH^e^ y^SrOl 4Si §0|?iM orb ^e«Bp| F^^^ q 

^ Hr^^SPHfe F 2 ^^-^ 2-6mol^| &^Aj?}^ 31 Oj ^Q. 

SE F^^rOll 2|*t ?m&l$\= ^£1 ^^r^Oil OJBI 5S§rb 3!0| b r ^5jshq. ^|^ 

H^c imei ^^^5| ^fSfi ft^l mof«T^# WRCroofX)^ oU, F^go| F ^a^ mo , 

Sft^e NF^ SrOj NF/NR0I 0.07-1.52] SS£]b 3!0| ^Q. NF/NRO] 0 . 07 □ | E_K)|| A] b F^^fOll 5] 

& f^§3 ^H^IS^Oil ¥^o*3 NF/NRO! ^b S^b H 0|^2j ^ g^fOil C£|^ 

5] ~l*ioh ^| OHIJ- 4 gl^fl £|0| ^bp r S^OrSa^ 

Sol F3^b H^f^2] 7[A|S ah -^o| a 5^q^oj M5f^5] S^o^ HHtfW^^ IPPr ^ 

©rCH, 0l|* MS Si, S^, SEb ^^5] M^5] »7 r ^ 4 22 q 

(^lOII^Alb LiF, CaF 2 ^). E* M^^5| ^EHS ^^r3b ^ ^S0|| SiOjAjb 3 

mm &m^9L^ m&o\o\ HAimb 3i^s &iq. m^^^^^ ai#^s Mm^^i n 

^X r 2] AfgQi J\~-U\Q. EE H5!(frit)2| ^Xi|A|0|| FOjfijSJ ^r^5| Sgfo^ ^SH «H#& 

^ 2ib FartJM. 01|gMS e^5] M5rM(MB|y|eB^^ s ^oi!^^l EFb M^r H£|II|0iE ^)2| gEHS 
^Wb ^^OT. 
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aisi ft^nm feop, pj^i n^msm SEb h±&9i ^**mm &mMm ^&mo\ o\ 

#£?Pr Sl^U S r b SIM gTXjSf^ S3f« SfcCK Sb g| Bib a^f UXiSKKB Bib SBH^o 

5Hdfoi oiema qs* ax-i^q. se zzisMm mim sph smb smif himbi sismoi 
3^ ssiKMi m&s>\ oty g^oj Bxumb 301 ^q)i nmm miw&sn 

?io\m &z\t>\Q- m^&m& n&g&si tm^oi o.imoi%o|o!oiiAib 

°i f?^§ mm\o\ mm® nmrnm gpi &m mt= saw y^i mm\ mss\x\ &b 3^ aa. 

5mo!%l £££ oo|oj ^frg^Sf. 3*E& #£0|| £|t>H SEb M?r^SPll £lb 3 50 r 

S Sb. Bi SI *mif EJ¥0Jib hmo\%m ye IPr^M *tf^35g ^ ^^OJf 3*£Sf gjogj 

3^?1 2LQ. 0||S#B 210011b: Xil 5 XI ^1 W^o^l flff f^m £g SEb SB ^ A|2| 

^hs oiemoi 3ioi mmx\^i ?ix\*} #°4§2i *r^oi ystxpii ejs oj^g A | 

^gS^r ?DHX[^0i|Alb r e»^«HS 0|#81b £3j Ojj ^SmOj 1} ^HAj £ 

^Wll Xi|gO| g*0 r §O|*|XI p^b CI- g^Pr trSC'CK 

SE^ **°4g2| g&S r b 3£*Jlb £ ^S0j| ?iOlA»b UEfUfe ^^DIU^I A||eHM°£ ^ 

3 a* «JX| LHX| 2J*i|2j 2f^0i| 2i01>M~ ^°j*H#0|| #EJj^ ^ot^o| £|^^ 

b xH£ CsJ\ 0-6, S£ Vs^l- 7.5-1001 £|£^ S^^oFb OliMMS £]0|(fP£) ^^^^5] 

3S^mb 3101 bf^ofCf- ^SLJ\ SB ^20 ^PiOil 2|o[ ^A|y^0| e!X1oMI £ia. 3£ 3 
7.5SC| Sl^l SEfe AH^Eh 44^I5JQ- 2^ r 9^WI ^|0| MOi 

2!^ ei^0| X]?-JX|X| ^b ^J^F £U£CK SE£f ^JE Csb Hf^^3Mlb 0-2, B^^S^Ib 0-1^ 

o!b 310| ^H. Vsb H^^lo^lb 8-10. Hj^^epilb 9-10H^ #q. ^ gAIIAI 

Oil °10\M~ S£ VS Si AH£ CS£| ^Sy^OII Cfl^b JIS-Z8722 r ^|2| mi^gj Oil oioiAj r 4. g-g 

r 4.3^A^xi|si ^^^^j oil oiesfe 5!^^ ^q. e ^^J^^Aj 

J1S-Z87210II ^>|5|01 H^H2[2| ^A| H|T30|| 5|sH S£ ^ ^ 4£ 91Q. 

^^H^i^^^^Ai Mo. W. Ni. Co. Fe ^ Mn£| SEb Mob MoOs. Wb W0 3 , Nib 

Ni 3 0 4 . Cob Co30 4 . Feb F e2 0 3 . Mn£ Mn0 2 0|| ^ Af^-g ^Ah^f 0.5-5mol%2| ^ 7 SAfH 

4 s 2iQ. y5 ^e^d^^^l W^t tr^lTOI 0.5«ol%D|yO||Aib gOIXI^ 5mol%© oqtoj 

S^m^oi T^iepil ^^Oj ft±3\ ^ Sb MJ^SCT sib ^Wl 22q. Set fi3& ^^Hd^ 
^ g 8-^^ ^H^s^j ^-ai mxm H€r Mo .Fe. OlOfAi WOjq. 

SE 01^ ^5 ^^Hd^^e ^01^4:0P! CflSOil Jl}2^ ^^fe H^#0j| ^£ofA| pib ^T^M ^ 

°^lb ^Wioiis 0|0ix|7| ^q(oib f?e3H^^gpSA| A^sfb Spoils ^xiPf £ib 

^^#0l|b TL Zr §H Hf£j 1^# S£b 0}^°J ZrE Zr0 2 0jL Tib Ti(^0||. Hfb Hf0 2 0j) ^ 

If^Jfi fi^il 0.5-5»ol*2j ^?1^ fl^AI^' 4= 2ia. Ti . Zr SI Hf£| l^W EEb 0| 

#iQPi Ti^^oi! uioH q^ ^x-imq. see* aH^oi pi^j ei- t» h 8 oii-i#ei ^egrsi h^si 
e e^i Hons!- ^»i! ^trsa, ^ar^aiBisi sgrn^ %m?} ^^g#oii ^^eiaisi 

S^oj ^oixib ^111 ^ ^J5?^!Aj sfb qnieiq. n 121 f^ti^iem l^^ioii ^st 3^ 

^ ^SSFSrb 3101 g0|5p|| SE ^|2l ^10^.1 q. □ ^^0j| ojsjj 

£ib H^m ^^m9\ m^m^m sm^e^ ^ ?iq. ee&i hjii t^^^oi 

0.5fnol%0|ei0j|Alb §01X|32. 5mol%g ^£0 ^^#0| ^^o^| ^|?^jq. 

SE ^^Sdlb AIAOII 21^^ 0.5-5«olX£| Al^^-.CaOOtj ^Ahah 0.5-10molX 

21 Ca^-g. ^ MgOOtl ^SrM 0.5-10«ol%21 Mg^ g£] 1^ SEb 2^ 0|^-g m^l 

O.b-)bmo\% iJ^AIlJ 4= 2iq. Al^^-E ^#2| ?Uim~ &H\m Ca^M31 Mg^^b R°4 

e^j ^011 j\o\mQ. mm ca^bb n^m^i m^s ^§3H semb mq Ba^b SEb z n 

^bOli Tll^SHAi ffS^Q. ^PreOl £P1£| 2f ^xl DI^OIIAjb s3|0|| *J01a1H 5E PPH2| ^ b^l ^ 

^xi ab tm*\m s^oiib sss^oi 5^ se 

b M^spil £lb 2iP. 

S& ^^f#0||b Sn. P. Cu SI Cr9\ £Eb 2^W 0|^5| Snb Sn0 2 S. Pb P 2 0 5 ^. Cub 

CuO^ . Crb Cr 2 0 3 S ^ d^ll Bldg? tT^I 0.5-5mol%2J ff^A|^ ^ 2>q. 0|§ ^b 

e ^0j| OfSf a*^o^ ^7ftf ^£ ^s©fb ^^#eief2| ^fllAfOil tf«S 

Bib ^^Tm^I^S gg^S0HAf2| ium 10I1A121 M^M(5Eb ^EHD|yE 

(contaminants) )^Aj ^3\mW\ ^PJB^b £[q. #4iA|2| feOjll, ^o^ofo) 7 j 

^Xll^q SEb ^11 H^AIOII a*ryO| 0|^»P r £|^q orb 3g ^X|o r b 

qi ^bq. iPl^oi 74 § r fix| D|?jot|Ajb Moh goixii se ?h^H ^^51 ^jxi SEb 

^1 ^xj» ^8 3^0||b «3^2^S0| 2f£^| ^^\0\ H±7\ SEb M^rb 

oPii E|>iq(^o| CuO. CrA) . f^#2| £2^01 ^#MoUX|>i q(^o| Sn0 2 2] ^0| 21^01). H^^ a A 
UI^OI PA 3 gf 0| 3r£6r01)ol>iq 61b S^ldl OlOj^iq. 

9E^ b ^ttfS #S|D2| ^0|| ?i01Aib ^^0||A|2| ^ ^fifli ^EH^ 

£|X1S! HlS^oj 7 r £r^^e ^^6 r b fi°l0f| «|BH ^#0|| 21^ EXH^£H§ ^ 

81b SP. 0| S^b ^#e.KH|A|2I 210i|Ai21 ^^b2| |Jp r ^0| M gay 
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>ioi 33 £ yjssi s?ioi! ^m™ sl^s l^bq. 

OP|Aj §3*il #0|| 2\ ^«oj OUg^B EPMAOXf H^M(probe) 0|^£^)0| 

u xps(x#^ sxwmssi g^i^ Diig^^g§ ofg^of ^ aq. «n§e epmas oi-gg 

SE 3fe £ ^3 MSO^ §3 All 2] ee^e?0H 2i0i>M s^^^Uf 5Eb 

£3£ Af0|0f| ^3 g^jg^ |£g BHxfS ^2gJ2j EWS^S =?um ^H^Aj 

4= SW- 0| 01 ^2*3 #£0 3*11 # 2f 500t£ #*|S r :2. e^^=?¥2f ^*i|^? A[0|M §SA| 

ussjm laxitMiis ^ ?iQ- aej:a asoiMg §mui^# arsspi ?ioH 01 ggaiirxib 

200MQ0|#. U\mmW\t= 400MQOI& STSgfeaOl If BJi A] _9.bH gtgg ^X|o r b PI H^5|^q. 

& aswiigMS ssssr iooovm s^mM ^aioii ?*is=?o)*8 axioQ. ? r gs eioii ^3 g 

£| 3(100) f§ HHx|o r 0J 500-CS #EH£ est g&Q. 0H##S *|gK*itfx| Rm)# 0| 

(VS/lm) - Rmo^ ^ otQ. 

5E ^2^1^ AI^^M Al 2 0 3 ^ tfstg ^tf£> 85-98mol% ^3 r £r gJ^D|LPtl ^ 

2LQ. 3E 20-350TC2I £££j?|0|jA(2| #o>o, g^oj g*t^ 5 x io~Vc-8.5 X 10~Vc2| 

E Hfi^&fQ. *|>Of 0| fffofxfii*cf ^Xje ^#0ff ^^0|Lf ^^f kd^ 

gmo\ gppi 3?^ &ct. era gg** ^i-^r 01 wewsm sis ^2f#o« 
amis) #21 a»oi ^^pi ^sq. s» gisur cm uii^si^^ s x io" s /r - 8 x 

10" B /*C2J go| S £jOj o»- ^01 

^o^#2| g*t}^ ^S^#^ tH^f §g| ggf HH& - ggafOj ^Bf^rgSI ^Of 

gB^I^YE-l A|^# HefLHH, Oig 0|goK)| SA|fJ qaj£0i|Ei*j(d}latoneter) ^0i| 2|sH -SJtOfl 

3 (interatomi c force niicroscpoe) 0| gv\0\ 5J0| ^r^SfPij 

^3*11011^ ^il^lf ^^9|X|0I| SlOi 3 21^00(1 lEfl^ifSI g^SH ^ ^ °iq. 3B|3 H=£| 

stroll sioi §^a^2| ty&e ^af^ g>^«^ M. §#^oh qfa« ^j^oii e.igofh 

^l¥2| 7|B¥ Sj^gjg £?>^S 4= SiP. X^x^ 203 §0f|A1^ 3?^§ 0|gB[O| ^ 

ffr3 m^nm ey^s^ioii ^^e r ^ ^01 gju^o^ ^ ahseixidi lhm^ai sb*i^# i/^appi 

?|SHA1b ^9^|£r 3^ a UI93r21 ^*^0| gfiW. 3£HA| ^^g^ ^1^2] J\&^ 

A| J IS: 60601 OIJ ^Q0|| CC[B| ^or^oj s^^^ij ^Ajofl 2i0iA| 3 S|CH^0p r 7^0|^2] 

SE ^ ^SX} m\ Oil 2| U r giFf^ Jr£!^3ll SEfe 7fBj^|2| ^<5^^0f| 2iO|A|b 

CilCf ^#2i 3E^0| 2*?1Q. 3 £13 ^3 All ^|^2| 

^IB¥ 21^3^ ^Sl 3^H^2j iJ^Oi fi^?£|H£ °|^| 5§§ ^§o| ^5fX| p^og ot £ 
tH£ ^ gib 310| ^S£|2»Cf- 3E«A| ^1 £32| ^2 ^b g^^lOll 2i 

OlAj. ^|^2J 7|&^ 21^21 Ul^orb ^^#21 7~50/«2J S?|LH0||Ai £§Sfb 340| B r ^5| 

oKK 01 0{| tt r Hr ^^2| ^2^^ Xf»fA|?|X| P>3 f?±E*^ 3^3f2] ^^^0| ^0^1 ^ LfO^^Aib 
LHgSfiAl Stfl^e tf^Al^ ^ 

S23I2| 0| ^?|0||A|2j »^#2| ^JHPr 7*a|E>0| £|0 ^^1 3S^2| ^2^«|0||Atb ^^o r 3 Stt& W 
4:3-1 510| 5g|oh3. 3^^2 r 2| m^0\ £#E|01 LHM^Al £hH^0| g#^oPI| 

SE ^^#2| ^J«p r 50/«e ^20 «| BE5^0| g^|^3, ^1 £^2| ^f^OIIAJb §3^2] 

^a^r ^^spii eihs um?m^ mseHAi xi^foii oiotxib swi sap. 

^^#2] -JIIS Z^^^3. 5[£WI(5Eb ^^2£) ^§ ^^#0| H^£|b 311 ^|5P| ?|5t|Ai 
b ^0| Ti.ZrSEb Hf2| U^M 3*0| ^S6 r Q. 

q^oii ^ ^S2| ^B)3 i£i3b mz^m 210H 4^ ^ 01 ^ 

of2| 2\ ^^^01 E|b ^MS^^M ^3121 3E^0| ^OiAISE^ H«t[or0| BIT ^ 3 ^t^^M 1000-1500 



3 f^^^^i isxii2i keoii m^M^ H^mm m^mm m^^^^\, 

sf^, g2i ^i^ii M^m ^ ?iq. o\m jn^^e 

7^ ■ ^eoii 2|5H tmm^ mmm ^ urn w^m m&?\ sick 5 g%m% mm\ gxi 

b 2| 0j|. gg^if S3 Oil ^AfSrOI lSJ|0|3(flake)S^2| ^ g3M^ ^b gJ^JE 

All H 23 Oil £SS r 01 Zj^b 5»o S f>°t^°* 0| H^^£|£|2j £E5#o^A| ~M£W ^ 2iQ- 

^seiBi^ m&M S3 011 ss^b ^^o^Aib g^t^s^q s ^^ji 53011 m 

u o^§ oigors s^oj -^o| oof~oj eiewi ^ 213 3 £s^i2| sse 
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q§ BH&I* 4 s §1^18 IK^gWOlic ^SI 4^«.£ ^£lb 3?M Afg^ 4, oj| gg 

^ ^gaiie]. 0|£3^0|E. ^|A|^i|BJ0|e. ^Di|3Ef0|E. ^2BIU0|e, ^g 0 | Af0| e(hal loys i te) . £ S 
IS UOiECmontraori I lonite). gj2|0|E, UiD|f?£K)|e, t^ojoje ^(SE^r U£M)2j B gf| 

Si0 2 ^ AIA0II WK^FeA. TiO,. CaO. MgO, Na 2 0 °y K 2 0^2| SE^ OI&M Btftl*^ 

3 SO. n^?fx|£ q^ ^sj e^^oii g^jg^oi gAldl 0| ^^pjoji 2/cha] EWS^si- g 

A^0|0j| 123! g# StTo^l ^ 7H2f^<# £33 X»S2*2| gffS oi^OIAI^ 

£S£SXfl£¥(0||M^£ ?fE[^ *|gJ#0|q Xitr^l)^ §33^ ^ oiq . 0 |1 Xj| 

• £U*ii : neuflsi qsH a e^^i &^m\ ews??* mx\sm, um^m^ 

xm\3.. sm&m m^^m hsoh ±&o\o\ ^o t§ o £ sfe 533*. ?j2] ^ 

B 9fiM?lb iSi ^AjOfl 

-Mai^ : a ^aa £h*iioh s»o\m. &mgm\M aaa^s* e*g?g aq^sg s^aj^o 
£JN f^lii n g^J3^^ EW^? AioioiAi sai^sfoi ii£sxije¥i oi^q. 

SQ- 01 ^^OilAib ^4:^§0[ 1AI0II lymiXIH^ SM^OjCf. 5 

^g^s Oil 1 12 520-700"CSj 5S6|^r £0| ^Q. S^£1^SO| 700 °CM yog 

a^^sj a«g?i 4i^^ia. »a asa»soi 52otDi2ioi tie? soot nie^sj 

°-£ M9J\ ^P- 0| ^^Ef A|^^Efl7f ^01A|£^ ^£S«iS^0|{ A|go^ J\ 

§¥0i|^ a Y^4S g^Oll 0|OiX|^ £9J\ ZIQ. SE^ ^o«o| ^^^^ 

B B^^loMI^ 520-620'C2| \*]?|^ 5SBf^ 

i$m&m%m MEILHfe q^oil qqq^ E|3(^ XII 2 tii »n oil ^of^ s^B| ^ 

0| ^S^pj^^o^ . ex s^OII ^^goj ^H^^§4^Qj| qisHM^ 

4 £^2| 2|2| ^Sl-Oj Ahsj^ gAJS} ^Aje 0| ^0^X|£^ 2| H}A|s| 

ahim ^si BHtr - esH^. ^yimoj aisi 2 o -di. a ?ibi^_ ais^i ^^^^s-e- 
01 »af^sj ^str 4-£ 21 ck 

ci§ ^ irs^i ^AioiiM s^oii £Ajs^ &Mo\\m M&mQ. £ is g ^g^i xn 1? 
^011 ^ai3 M^a^i ^ ^Aioiim SEAi^q. oi r^sja i^n(ioo)^ ^l^^CD. <ye 

¥(21pf a ^1^^0)21 m^9^ ^I^y0i5! §2X11(2), ^BOll g^E ^^(3I)§ 

Al^j ^£J|0||A| S8!x||(2)2| LH^OIj BH*I£! S^S^O) ^ ^1 3^(1)011 gB0| ^0|| g^g^ 

^AJOII E|B^0| S^otl a ^01 ^^3^(3)^ dB¥^ Pi^o[£^ HHXIE' SX|S^(4) m 

¥(31)2|. P\m\t 1W¥(32) A|0|2J Z]^0| ii^ a to) 01 §q. 

^^II^7(D~ XiB^ ^2j ^^0|| °JSH SfS«fog ^a^3 M^i 11(1003 2] ^§1 

^ §a|oii a 2j^£0H£r lei n(ioo)i £Aimxi SB e«S M^oii ¥^f5PI UAh¥(7)7| g^gq. 

ESj. le^ ^Al|^^(1)M IH ABHLiU ^lx| ^2| §^A|?|fe £=?&W^O\W. ^^S^SJ 

^BS £iq. 

SE ^ 9^1 (2) 2| ^ifoil^ 3^^(6)01 a Et^2J B¥^0B 3X^^(13)^ 3§£iDt, Qf^f 

XI S Qg^2| B¥^0II g^S^(3)0| 3Sgq. 0| (6)?K)|| oiq]^ cfAj^=PCl3)^ ^^^^ 

(3) AfO|0|| xmmWS)?\ HHXl^q. 0| Xitr^l(15)2| % £3^ A|gl #(16)(17)g §5}j ^ 

^IS^(3)J2f BXf^-?(13)0|} 3|2f 3^q. 0|§ X|^xll(15)2J 7|£|^ M^f 

(16) (17)0| XH^¥M ?^6fi SE» «S»DC15)fe £SXHS ^fi 

oil am 0|2|2| Allele g^)3}s| E^^Wr msi^ §P. :ne[^ M|gi^go|| sicHAi o|# 

ei^ ^i^#o« 2|sh &x^?(i3)5^ §£jg^(3)e mnmm =p^^^ shs gq. 

M&M\(2)± L«¥0|| XfdH) ^3^(3)# Z?|?^7| -4§e(6)e ^3. 3*|p* Q^2| 

^SXH^OII 2Jofl ^ 0| ^3XH^^ ^^OJU ^X1I^ ^Slia. Al^^e Al 2 0 3 ^ ^AfoF 2|o^ 

85-98molX(H^^S^fe 90-98 no I o* fe ^D|LMI ^M9| i^^|S ?^gq. 
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AI0f£J2J £J^2{ ^XP*°J &£2l^rtzz Qm*\ 3! g 0\\A\W t 2IQ- 

Si£^ : S\0 2 E^19.^ 1.50-5.00molX: 

Ca££ : CaO^&o^. 1 . 20-4 . QOmo I % : 

Mg£^ : MgO^&P!£ 0.05-0. 17mo IX: 

Ba^M : Ba08£KJt°S 0. 15-0. 50mo IX: 

B£M : 0.15-0. 50molX; 

^axii(2)2i =^*r §yoii^ Hn^og Msm^ M^¥(2eph oiig^g e^xia^o^ € g 

£CK 32.13 ^3^1(2)011^ ^£JS^(3)(£ 1)2J mm SU. 0| §S¥(2e)£Q 

£ Oj ^C[£ X|go£ 1£J£ ^*il¥(2b);>} ^#¥(2e}2J 3^011 0| MCf£ 

?H=r XII 1^¥(2g)S?h H Xf| 1^^(2g)^C|£ 7fe X|go| M 2^[2\)J\ 0| £Aj^ 

Q- S X1| m¥(2g)2| 2|^gg C|Sf Se22f0| £131. XII 2^¥(2i)2J £J^S£ dBi »mte EJB X| 
M0| WO\ Hb m^f gj^S 2g|2£ 5EJdSiQ- 

»B S£ia^(3)2| 3|&g XI If 31(1 5) °| ^BS XlgMPE ZlElia §E*l|(2)2j 

3SS(6)g §£J 3^(3)1- £>f|Aj?|^ tm SeJS2T5J XII l¥^(6a)3L n XII l¥^(6a)2| 3^(£0 ?| 

^)oii 2*oi oi^qs chs^s g^sife en** asagf2i n\ 2^m)m ifeQ. EW3=?(i3)2i xmxii 

(15) b XII 2¥£(6b)°K)|| 53 3^(3) S xj| l¥£(6a)L|0|| §£j£^(3)2j *B¥0|| 

b 3 SI^SOHM H^Hsog §#of0f 9^2S§ M^¥(3c)?| f^iQ. 3HJ 3 £P| 5f^(6)2| Xll 
1¥MC6a)^ 73| 2¥M(6b)£ £ 3(a) 2| 331 1^¥(2g)°K)|| £»0| A|S 2*13 3 S^xfOllb 

3^(3)2J 5^i§g M^¥(3c)# *p| ^O|0(6c)O| E«0|IU3 SEh Eg*°£ *! 

EE XII 1^¥(2g)2f M 2^¥(2i)2] 3^~(2h)2| 2|^3£ B0| 2J*r S0| £|D|. 0|3!0| ^*||^?(1)2| m 
E90|| §29 ¥XII^^ ^1*¥^A12| W^£¥(1c)2f §S?|2J eBfl?j(63)M 3^0^*1 ^ff2] 

IT^XPf tgoHSQ. €13 3^ ^H : ?¥ il 2 *il (2) 2j 2JS Af0|0||b ^£HX|£^2| 

§#¥(2e)2] 3 = Sl^fe HH°J2| >M5HU(62)0| H«x|£U. H ?l^0ilb &3(talc) ^ 

^Oiy^l. a £EH0HM ^|^?(1)5J Jfi^PSM 29^(60)M %m lh^o^ |^jo^ ^f^^g¥(1d)^^ 
^^£13. ^*j|^(i)?t 13X11(2)011 qs« 3§=iq. 

£ 3(a) §J £ 3(b)b §SX||(2)2| ^7[X| 0t|§ £A|§fb 5*0|Q. 1 2| x|^g Q^OJI 0jjA|^q. 

• & S0| LI : 30~75ra». 

•Xfl 1^¥(2g)2J L2 :0-30nm(B. ^e¥(2e)2}.°1 3^¥(2f)l 5io[X| ^3 Xl| 2^¥(2i)2|2j ^ 

^¥(2h)# S*f^). 

■X|| 2^¥(2i)2J SOf L3 : 2-27mm. 

■ ^Xj|¥(2b)S4 2|S 01 : 9-13mrn. 

M#¥(2e)?1 2|S D2 : 1 1 -16mm. 

•XII m¥(2g)2j 213 D3: 5-11flnm. 

• XII 2^¥(2i)2j 7|B¥ 213 04: 3-8ib«. 

X|| 2^¥(2i)2] ^B¥ 2|^ D5(B 2|^0O|| U|X| SffPI^ £JA|£|^ S?^ 

(0)§ Stlofe BSOfl °10\M 0| £^H¥ LHXi eCCK7|¥2| ^|B?l^0||AfSf 2|SM : 2. 5- 7mm. 

- e^^(6)2j XII 2¥M(6b)21 LH^ D6: 2-5«ni. 

• He5(B)2| X\\ l¥^(6a)2i LH3 07: 1-3. 5m. 
•X|| l^^(2g)2] ^5|| tl: 0.5-4.5mn.. 

•XII 2^¥(2i)2j ^|&¥ ^1 i2{^gm& 02} 5|M^ ^0fljVi2|3Jt) : 0.3-3. 5mm. 

•XII 2^¥(2i)2| ^B¥ ^1 t3(^£j*|^ 02f ^tl0||A12j 2i: y AJBS 2|^o?01| E^H UjX| 

£ippf ^Aisjb ^S^(0)# atlofb E^soii sjoim o| ei?E¥ i4i x| aaj?i¥2j ?i&?jx| 

0||A|2| ^11 ^£|U) : 0.2-3«n. 

2^¥(2i)2| 3^JR tA((t2+t3)/2) : 0.25-3. 25mm. 

EE £ 10|| 2201 A] ^3X11(2)2] ^|^?(1)2| g^^b ¥^(2k)2| ^0|(LQ)b 23-27 mm (O||»e0 

25miih§£)0|q. 

SEe> £ 3 (a) 0|| £A|oh~ 12^I(2)0||A|2J £D\ 2| « *\^~ ®\%^ : U = ^ 60mm. L2 = 

ej 10mm. L3 = ^ 14mm. 01 = Ilium. 02 = ^ 13mm. 03 = fif 7.3mm. 04 = 5.3m». 05 = 4.3ram. D6 - 
3.9mm. D7 - 2.6mm. tl = 3.3mm. t2 = 1.4mm. t3 - 0.9mm. tA = 1.15mm. 

EE £ 3(b) 0j| SAISHz: l2X1|(2)b XH| 1^¥(2g) §J «| 2^¥(2i)^i £ 3 (a) Oil £A|B|^ ^.Jif U|J2 
o^0| 2 2|Sg ^32 2t -2| 0IIM19 Pg-Jlf £Q: LI = ^ 60mm. L2 - 2f 10mm. 

L3 = &f 14mm. 01 = ^ 11mm. D2 - S| 13oim. DQ = fif 9.2mm. D4 = 6.9mm. 05 - 5.1mm. 06 = 3.9mm. 07 = 
2.7mm. t! = 3.3mm. \2 = 2.1mm. t3 = 1.2mm. tA = 1.65mm. 
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Qmm 22\ m\ S3*ii<2)si urn. =?^i^o^- ^m^wsi si^soii f^#(2d)oi g^^iq. # 

^(2d)2J g^^lb 7~150#n». B\^\o\nt: 10-50/a7[ gLf. £E£» £ 1 Jif i>0| £*H^(2b)0(l 

*ll¥(2b)2| ^eeil^Bj mmm «oi2iq. 

^S^2| gJTfl* SjQjOli tfloHAf^ Oia £Mfl»PH flH^Otl Oj7|Af^ «^oW ?^L|. £ 

£*ll¥(2b)2j 7l&¥(^*fl^?(1)^ ¥3 ?f*os §Mb ¥£2| €SgSgF2| 2J^g UEfUjb 
¥M) 2|^0Oj|Ai2| ^#(2d)£| ^ZHI(S^)b 7-50jwO|Q. 

£ IS Ef^OPf 3*12^(4) °J ^£j*R(3)2f £*il¥(3a)fe Nitf^ ^^Q. cp gA]X|=i(3)o| 

£*||¥(3a)2| Mf^Ollfe ?HBH Cu 5E£r CutJ^og ^>d§ £JXH(3bm OH^siQ. 

^¥(31) SI CHlfmfe ^¥(32)^ fr. Pt ^ Rh2J gf mm 5E£r 2^f| 0|^1 ^^^o ? m ^ 
tf^e ^*J|£ ?gg!CK g£j£^(3)2| ^¥(3a)^ ^3^01 ^3(*g»)fi3* gA|«| Zl £B30| SB 

omi ^sin. op i on #71 mm^rn m^^o^ oi^oixi^ ses^ m ais 3*1711 t>\ 

w se^ i3 si^b £iei¥M £^2f a#oi*f es. sjotf gg^§ ggw* o\m 

mm¥(3})j\ ms^Q- se chus^ ^¥(32)^ ^vodoii chm^^ ?i*iofi 9io\m 

ff ^¥(31) 51 CHETSfe ^5t¥(32)^ £fi*» ^^te 5fj£ gCK 

M^HdOO)^ ^i^Q, ^ §3*!|(2)0| X|EL> 0|^ m&g 

^^M ^¥D|U Si^^, Ca^^, Mg^^, Ba^^ 31 B^SJ 2| g^m, ^^*0J| 

5^0| Ujg^ HHf|6f3. 4:3 gjS] l^KOIIMMS PVA) 2^ gjlj- iPf 

5f01 H^#e|e|M yeO- SE^ ^ <A\mm& SlggW S\0zgm. Ca^^e CaC^ 

Sh Mg^^^ MgO¥^. Ba^^Oj BaCOs 5E^ BaS0 4 . B^MOj H 3 B0 3 M^2j 2^o S UHtm ^ SICK 

^Haioi s^ois loll 5|o« ^^>j5£joi u^^gJMoi sjq. nei^i 

g 5i§§ e«B| neti^ ^§oi tj^ nai^ e_^q. 

m z\&mm n^eiq soil sish £ 121 12*11(2)011 amfj- 2i§g^o^ omsiut, 01 oi 

^£ 1400-1 600 °Co_^ ^£[01 13^|(2)7[ 

&m ^#e^ej^ pgiit ^01 mo\ ^^q. 

¥<y Si, B, Zn, 8a, gm^J ^^^^(Na, K, Li), H^imSg ^ ^ ^^§j0| 

rt-S^I 5^01 ^01A|£^ bHlidtOI ^t^^Q- SE F^^e 0(1113 ^fe Mm3£|ilf0| 

eoj sojog ^7}^CK 0|OiAi U if IOOO-1500'C^ 7fgS[01 gSA]^|3. 3 egff ^of0{| 

^oi ^yj ■ j\?j±mt>m, s£fi gi«tr^sj*i y^a. neii 01 ^^m^oh 

Lieiii oi r° T ^tiie]i ^^^^¥&4 IS^i^j ia§ H^oii r^^^ 

QgOf! 0| ^EjE| 55§g g^e^ §2^1(2)^2] . £1^(3) 2| 13)2f2j ^Sf. ^! Xj g| a}} 

OSm ^ef^: ^1^^(16) (17) Cfgif ^Cf. ^a] ^2^l(2)°| 2^^(6) 

Oil EHoll 3 Xfl 1¥^(Ba)0ll §^2^(3)M ti£J^ ^ ^}P4^ 3B|3 ^^^(6) 

eJOil g# tl?J6f0l OtIUl g[^ora. XII 15ES^ 7fef^ g-i>#^ g^ofC|. 0\0\M 

xiir^i s^^si gs^i oh oi nmim^ mm gf^sp ee^ ^s^hoi oti 

um^§ tstr^JM m^E^(.3)m(fs\m)mM ^m^rnvm^ m iz&g ?m± *\ mm 
£i m 2^$£ ?m± &mmo\ 

^S^of! ?I^oiia| aHXlSf i^^iP ^^leia. 01 ^EfloiiAi 7^^011 &&t>\o\ 

(3)^ yq^oiiAi e^JSK)! ^#^EHSJ ## ^^ffo^ H?J|^^C}. 0| Oil CHI B| ^ 1^ 

^isioi £ 1011 £Aish~ mm^m). wmmw ^ am^# 

(17)0| gq(oi^ . 

0f7|/i ^^a^ej SES^OII 51f£|^ fi^gi.^ ^1/2^ 1 600-700lC^ off ^^^5f£[ £5§f 

^7| 7|BfA M|gj^S0HAI2| 7^0|| 21 oH ^A|0|1 ^ofOJ p r ^l(2d)o^ m ^ oi Q> S 
S2j 7|gs £ ^A| 800-950°C21 H|H^ g5ES ^fsfb i^3^(3)0m Ba1^?(13)2| S 

a«^2| S01M7I OiB|Sj£lth 

SEtT ?HS(^i££ tHLl^oj 7^S1 0|^e >f^^7|0il^ ^^Ag^^o] ^g7|7| U|U 

^ afof s^a. of a s o 45^2£ai b^^si s^^e 4o™of%oiofs ^nm urn Mmm^m asf 

^8 4^7J7f Sf0| ^XHofb M^l^l ofOil £i0fAi£ ^4:Aj2| ^^0| «^7^^B1 £EEl ^H0| 

oi ^sgf f?£f# ^^oi 7^^l gq. 9E^ H±^m ?m± *\M^o\\ % M n|Ej mm 

0|^7f| 5*01 7f2f^ ^|gSS0| ^gof ^^^|0«b ^S?(DU ^A|?1^(4) i^£J01 £ 13f ^0| 

3(100) 7t gf^^Q. ^Ef3 M 2^3(100)^ 3 LfAfY(7)0ff £i0j mmm ¥^£f3. 34: 

Oil ^W7|g^ afSJijo^ Afg^CK OPIAi ^HJ3(100)^£i 3^71101 M EE^ OfH 

3^2] £ ion jf^Ajog £A|6|^ ^0| g^^i (2).^ ^xil¥(2b)2| 2f^Se Hi^Bf^ 

u^HKotiiMS M'd\^ RCi oigo^oi ^onsq. oi 3^ RC21 xn^ 
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¥(2b)5] 2)3 01(£ 3)^C|£ 0.5-1 .0m*§ £ *|£ 310! A|g^q. ^Aij^(2b)b ?3§ ^ 
o\®M 3 ?IB¥^Xj ff|^£|£^ Of ^|0I| H^lOj^q. □ M 11^13 RC^ ^9 Lflgoil &CHA1 £*||¥ 
(2b) 2j 7| si^eoii gJ^rsna MeHAi^m m &x|spi i^m^o^Ai 7|^q. 

2| (MB¥i S£I3^S| ^£3| 3X|3^2| dBS X|0|0f| SQ^I A||D|(8eni) £11*3 
(MM<X\) 

(^^0|| 1) 

§2*11(2) s nmn ^oi sioj ^xiraa- ^ gHFniu ^iKiHrniq 95moi%, Natif*^ 

(Na 2 0 ^Ah^j) 0.1mol%. g£2WX|g 3.0wi)0|| CJjSH SiCfeC^S 99.5%. S^gJXI X|M 1.5m). CaC0a(££ 
99.9%, S^gJXfXig 2.0/»). Mg0<££ 99.5%. SSEJXfXm 2a»). BaCO^JE 99.5%. @2£jX|X|g 1.5 
HdBQgC^S 99.0%. S^SJWqe 1.5«). Zn0(££ 99.5%. E^W\E 2.0*0 M ±3 H|#^ HHtf 
§A|0l| 0| H^tl ^M^e 100H^¥^ 5[3. U|£!q^AfS>} PVA^ 3ili^2K M 1Q3i!if 

^woi ^^m\°^m ^sg but ^ si aii ^ishci. 

0\0\M 0\m ^3^1 Pi ^ ^i?a|0| EBIOmOII 2£o|H. 

M 5E» 511^ AllOli 2|3fl gjX|XJM ojXf# 5§o|3 °[q. m\H 0| 5i§§ 

§xi^ yjtH Mfli^aoii 9\m soMPa^ n 3^*11^1 si^soii neiejq ^ai^oi ± 

§5| §2*JI g^o S 7|gif3[ SA| Oil 1550-CS ±S?J°^W W£M\(2)m £2Jq. §^ X£j 

-^^1011 2|5H 12^11 (2)b M Sib 3te ^2m. 

Al^£ : AIA^^^H^ 94.9mol%: 
Si£!£ : Si0 2 e^o^ 2.4mot%; 
Ca^M : Ca0^21Osi l.9 mo l%; 
Mg^^ : Mg0^2io?_ 0.1mol%: 
Ba^M : BaO^^OsI 0.4mol%: 
B^^ : BA^^o^ 0.3raol%; 

£E £ 3(a) # SemOl SAimfe 1^^1(2)2] 2\ - xl4-b Q^3| ^P. : LI = fif 60mm. L2 = ^ 8mm. 
L3 - 14mm. 01 = °T 10mm. 02 - 2f 13mt». 03 = °f 7»». D4 = 5.5mm. 05 = 4.5ram. D6 - 4mm. D7 - 
2.6mm. t1 = 1.5mm. t2 = 1.45mm. t3 = 1.25ra». tA = 1 .35mm. SEE! £ 1M S§s|0| £A|o|0 
(2)2] ^^(DSj PlS^ ^(2k)S| 3J0| LQ^ 25mm0|p. 

QMOll q^3| m\ SXiliHCI. a^^AI Si02(^£ 99.5%). AIA^K^S 99.5%). 

H 3 80,^^(-£ 98.5%). NazCOa^W^E 99.5%). K 2 C0 3 g^(^£ 99%). Li 2 C0 3 M^(^ 99%). BaSO,^ 
(^£ 99.5%). SrC03^^($S 99%). ZnO^(^£ 99.5%). Mo0 3 ^^(^SE 99%). Fe 2 Q 3 £SK£iE 99%), W0 3 

99%). Ni 3 0 4 ^^(^£ 99%). Co 3 0 4 ^^(^£ 99%). Mn0 2 ^^(^£ 99%). CaO£^(££ 99.5%). 
Zi02^(£^ 99.5%). Ti02^gi(££ 99.5%). MgOg^(^^ 99.5%). La 2 0 3 ^^<^£ 99%). Y 2 03^^(^£ 
99.5%). Sc-A^^C^i 99%). Ce0 2 £oj(££ 99%). Pr 7 0 11 ^(^£ 99%). NdA^^C^S 99%). Sm 2 0 3 ^^ 
99%). EuzQaM^C^S 99%). Gd^^C^t 99%). TbgOa^ghC^t 99%). DyA^^(^£ 99%). Ho 2 0 3 

99%). Er 2 0 3 ^^(^£ 99%). Tm.Oa^^C^^ 99%). YbA^^C^^ 99%). Lu 2 0a^iH££ 99%). 
Bi 2 0 3 ^(^£ 99%). Sn0 2 £iH££ 99.5%). PAM^(^£ 99%), SbA(^£ 99%). CuO^(£S 99%). 
Cr 2 0 3 ^^(^£ 99.5%). CaF 2 ^^(^£ 98%). LiF^(^£ 98%) # 2|g HlftH HH^6^, H ^tTP^ 
1 000-1 500°C^ imm\ ^§Am □ g§tf # ^0|| ■ 7|e|^5|C< ^^D|L|X1| 5§ D J 

Oil 2|oH 2JXIX1M 50^O|S^ giH^o^MI ^^g^M ^fl|«C*. ZiBIIl 0| IQOg^^Oil CHSfl 

s^gg-Msi ¥rm®^ ?\&&m mm¥ ^ ^^iHieiqeAiei pvam 2^^ hhh^ih. m ^ joo 

^WOI &trtr°^Al f^#£]S1M ^2iq. SE& F 2 b ^I^H^b CaF 2 S ^7|a|3 Ca2j 
3¥f CaF 2 ^ l\mmo\ ^^S^XI^ &!^X| LiF2| *^K>il ^|o}| &^32 2iQ- 

0| TT^^ei B]# g°^^-E| §3^|(2)H| SEOII 2J5o|0t ^^^2|Bj £3§f ^^5fiP. 

9Eff 23£^2j ^otoj £3^1^ lOOMSSEOiq. 01 §^I(2)S 0|^o|0| D|£j ^0\\ 2\t>\\ £ 

121 1>0| ^II|3 1£U.(100)M ^t^^Q. B L|A|^(7)91 £|3e 14nwO^ «iq. 9E X|^|(15)2| 

SS^SAI^ 8 2 0 3 -Si0 2 -Ba0-Li 2 0?|| ?f£|^. Zr0 2 ^gJ. 5^ M^^. Ti0 2 M^. Al^e. £2^ 

^2|a *|g!#(16)(17)e| ig^£>H^ BA-SiQa-NazOTI Cu^^. Fegg. Fe-B^^g 2|2| 0| g 

B|H. 7|B|^ A|(8#)2| ^ H^^^b 900"t5 iSQ, 

e.^ ^ifloFxi Sr^_ soisie^o^ g^Aj^i ^sfAies ^ifHq. ^t! oi sojsie^s] h^m^ x 
d si §oii °\m ?m±miummmm x^m o\m oigoioi q^£i ^jg§ ^^q. 

oil qqtHH 2«q. SE&t m^M\(2)9\ hsoii ^*(2d)e| ?i epma^oii °j^i ^g^xipj 
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of gofei agf ais§ oignw ^f*f£f mimt urn mzim ^ act. 

® SSSfPII^ = SOjBj SgJ Ajg^YEf 5wra X 5wi X 10mi£| Hr*jA|£g SEW 2. 3X|» q^£D|| 
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IS 1] 





1 


2* 


3* 


4 


5 


6 


7 


8 


SiO a 


42.0 


44.0 


49.0 


42.0 


41. 0 


33 .0 


40 . 0 


40 . 0 


AX 2 G 3 


1.5 


1.5 


1.5 


0.5 


1.5 


0.5 


1 . 5 


1 . 5 


B 2 0 3 


31.0 


31.0 


31.0 


34 .0 


31 . 0 


23 . 0 


30 . 0 


30 . 0 


Na a O 




1 . 0 


2 . 0 


1 . 0 


2 . 0 


2 . 0 


1 . 0 


1 . 0 


K s O 


4.0 




5.0 


4 .0 




4 . 0 


3^0 


-a • w 




3 . 0 


6 . 0 




2 . 0 


4.0 




9 0 


9 n 


BaO 


4 . 5 


4 . 5 


4. 5 




4.5 


3 . 0 


5.0 


5 A 

0 • V 


SrO 








4 « 5 




2 . 0 






ZnO 


8 . 0 


8 . 0 


5 . 5 


8 . 0 


9. 0 


9 . 0 


d . 0 


q n 


M0O3 








1 . 0 




1 Ci 


X . V 




FeO 
















1 n 
x . 0 


wo? 




































CO3O4 


















M»o 2 


















CaO 


2 . 0 




1 . 0 








9 ft 


9 ft 










1-0 




1 ft 

X « KM 


X . II 


1.0 


T±0 2 












x » a 


X . 0 




H£0 2 








1-5 








1 c 

X . 9 


MgO 


















« 2 


4.0 


4 . 0 


0 . 5 


0.5 


3.0 


q n 

9 * w 


9 fl 
* » M 
















X • st 






Y2O3 


















Sc JO3 


















^ **■ ( v ii 


















SflL^Ct 




































wu i v 3 


















rb 2 o 3 




































H02O3 




































Tn 2 Oj 


















3fb 2 C3 



















LU2O3 


















B± 2 0 3 










4.0 




1 . 0 


0 . 5 


SnO a 




































Sb 2 O a 


















CuO 


















c«o 2 


















Cx 2 O a 


















Total 


100 


100 


100 100 [ 100 


100 


100 


100 



(iE&E^i moi% ^ Eig^ s\) 
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IS 2] 





0 


10 


11 

** 


1 9 
AX 


X J 


1 A 
X 4 


1 ct 


1 c 


flirt. 

31V2 


^ V » V 


JO • u 




"SQ ft 


IV * u 


a n a 


4 w . U 


40.0 


AX2U3 


A * 0 


J. * 0 




x » 0 


X . 3 


1 . a 


1,5 


1 . 5 




*n ft 

<3U • V 


**ft ft 


^ ft ft 


^ ft ft 


4ft ft 


4 ft ft 

J0.D 


3U . 0 


30,0 


Ufa 

M12U 


a . u 


A . ir 


1 n 
J. . U 


1 A 
X . W 


1 . U 


1 . 0 


1.0 


1 . 0 




"4 ft 


9 ft 


J < u 




4 A 


0 n 
3 . 0 


O A 


3 . 0 


Xii-aO 


4 ft 


4 ft 


■» a 
2.0 


2.0 


4 A 

2 . 0 


2 . 0 


2.0 


2.0 


a3Vr 


K. ft 


R ft 




K A 


5 . 0 


3 . 0 


5.0 


5 „ 0 


SWT 


















55 RO 




9 « 0 


0 a 


9,0 


9 • 0 


9 . 0 


9 . 0 




9 . 0 


HOO3 










1 . 0 


1 . 0 


1 . 0 


1 . 0 


FftO 


















WOj 


















111304 




1 . 0 














CO3O4, 






1 . 0 












Mn0 2 








1 . 0 










CaO 


2 . 0 


1 . 0 


1.0 


1 .0 


2 . 0 


2 . 0 


2.0 


2.0 


ZrOj 


1 . 0 


1.0 


1*0 


1.0 


1.0 


1 . 0 


1.0 


1 . 0 


TAO2 


1 • 5 


1 . 5 


1.5 


1.5 


1 . 5 


1 . 5 


1 . 5 


1 . 5 


H£0 2 


















KgO 




2 . 0 


2 . 0 


2 . 0 












2 . 0 


2 . 0 


2 . 0 


2 . 0 


2 . 0 


2 .0 


2 . 0 


2 . 0 


La a 0 3 


0 . 5 








1 . 0 




















1 . 0 






S02O3 














1 . 0 




















1 . 0 


S1&2O3 


















KuaOj 


















Od-203 


















Tb2©3 


















Dy 2 o 3 


















H02O3 


















£X 2 03 


















Tai203 ; 




































T « O 

111*203 




















ft K 


0 n 


1 ft 
A . u 


1 n 










Sn02 


















*>*o s 




































CuO 


















c«o 2 


















Cr 2 0 3 


















Total 


100 


100 


100 


100 


IOO 


IOO 


100 


100 
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IS 3) 





17 


la 


19 


20 


21 


22 


23 


24 


Si0 2 


40.0 


40.0 


40.0 


40.0 


40.0 


40.0 


40 .0 


40.0 


Al 2 0 3 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1 . 5 


B 2 0 3 


30.0 


30.0 


30.0 


30.0 


30.0 


30.0 


30.0 


30 . 0 


Na 2 D 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1 . 0 


K s O 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


3 . 0 


Li 9 0 


2.0 


2.0 


2.0 


2.0 


2.0 


2 . 0 


2 . 0 


2 . 0 


a«o 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5,0 


5 . 0 


3rO 


















zno 


9,0 


9.0 


9.0 


9.0 


9.0 


9 . 0 


9 . 0 


9 . 0 


Mo0 3 


1.0 


1.0 


1.0 


1.0 


1.0 


1 . 0 


1 . 0 


1 r0 


ffeO 


















W0 3 


















Wi 3 0 4 


















C03O4 


















Mn0 2 


















CaO 


2.0 


2.0 


2.0 


2.0 


2 . 0 


2 . 0 


2 . 0 


2 . 0 


ZxO z 


1.0 


1.0 


1.0 


1.0 


1 . 0 


1 . 0 


1 . O 


1 . 0 


TiG 2 


1.5 


1.5 


1.5 


1.5 


1.5 


1 . 5 


1 . 5 




H£0 2 


















MgO 


















P a 


2.0 


2.0 


2.0 


2 . 0 


2 . 0 


2 . 0 


2 . 0 


2 . 0 


L,a 2 0 3 


















*ao 3 


















Sc 2 o 3 


















Pr70n 


















Sm 2 0 3 


1.0 
















EU2O3 




1.0 














Sd 2 0 3 






1.0 












rb 2 o 3 








1.0 










Dy 2 Q 3 










l.O 








Ho 2 0 3 












1 . 0 






Br 2 0 3 














1.0 




rm 2 o 3 
















1 . 0 




















Lu 2 0 3 


















B± 2 0 3 


















Sn0 2 




































Sb 2 Os 


















CuO 


















CeOj 


















Cr 2 0 3 


















Total 


100 


100 


100 


100 


100 


100 


100 


100 1 



(^•StMfl mol% ^ yj-gaj a]) 
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[M 41 





25 


26 


27 




29 
■1 7 


*3 ft 
■3 u 


•31 


32 


Si0 2 


40 . 0 


40 . 0 


40 . 0 


40 . 0 


Aft n 


ah n 

4U . U 


a n a 


40 . 0 




1 . 5 


1-5 


1.5 


1 . 5 


x . a 


x . a 


X . 5 


1 . 5 




30 . 0 


30.0 


30 . 0 


• U 


•JU • u 


^ft a 


4ft A 


<9 A A 
30 . 0 


Na^O 


1 . 0 


1 . 0 


1.0 


1 ft 
X • V 


t ft 
X ■ u 


x • U 


■f A 

1.0 


X . 0 




3 . 0 


3 . 0 


3 0 


^ ft 


ft 


■a ft 


9 A 


3 . 0 


X,£ a 0 


2 0 


2 0 


f _ u 


!> ft 


4\ » U 


2.0 


2.0 


2 . 0 


BaO 


s . 0 


5.0 


4 ft 


O . V 


5.0 


5 . 0 


5 . 0 


5 . O 


SrO 


















ZaO 


9 n 


q n 

7 • V 


O ft 


a ft 


A A 

9 . 0 


S . 0 


9 . 0 


9. 0 


M0O3 


1 0 


1 . 0 


t ft 

X • V 


1 ft 

X . W 


X . II 


x . 0 


4 A 

1 . 0 


1 . 0 


FttO 






















































CO3O4 


















tulw] 


















LiU 


2 ♦ 0 


•a a 


z . 0 


2.0 


2 . 0 


2 . 0 


2 . 0 


2.0 




1 ft 

X . U 


1 . w 




1.0 


1.0 


1 . 0 


1 . 0 


1 . 0 




x . a 




U - a 




0.5 


0 . 5 


0 . s 


0 ,5 






































Fa 


z . u 


** a 


2.0 


2 • 0 


2 . 0 


2 . 0 


2 . 0 


2.0 
























































FX7011 


















0H12 


















EU203 








































































HO2O3 
























































1.0 




















1 - O 














Bi->On 






1 . 0 


1.0 


1 . 0 


1 n 

X . V 


x • u 


1 . 0 


SnOa 






1 .0 












p 2 o 5 








1.0 










Sb 2 0 5 










1.0 








CttO 












1.0 






CeOj 














1.0 




Cr 2 0 3 
















1.0 


Total 


100 


100 | 100 


100 


100 


100 


100 


100 



(^■LMM moi% : S|) 
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33* 


34* 


35* 


36* 


37* 


"3ft * 

JO w 


J J " 






28 . 0 


61 . 0 


49.0 


31 • 0 


43 ft 


*4H ft 
JO • If 


J. 9 ft 


on a 
J a . 0 


Ala O3 


1.5 


0.5 


1 „ 5 


0 . 5 


1.5 


ft <? 


x . a 


1.5 


B2O3 


40 . 0 


21 . 0 


18 . 0 


51 . 0 


35 ft 


79 ft 




* H . U 


Na a O 


1 . 0 


0 . 5 


1 . 0 


1 ft 


1 ft 


1 ft 


1 n 

X R U 


1 » 0 




3 . 0 


3 . 0 


a o 

*9 * V 






4 ft 
4 . 0 


4.5 


JI A 

4 . 0 


L1 2 0 


2 . 0 


2.0 




2 0 


9 ft 


9 ft 


2.0 


2.0 


BaO 


6 . 0 


3.0 




% A 


"9 a 


J - O 




16.0 


SrO 






1 ft 










2 • 0 


ZnO 


9 . 0 


5.0 


9.0 


9*1/ 






8 . 0 


3.0 


M0O3 


2 . 0 


1 . 0 


2 Q 












FaO 


















VO» 


















« + 1W4 






















































CaO 


* f V 




2.0 




2.0 


2 . 0 


2 . 0 


2.0 




1 ft 


x « u 




1 « □ 


1 • 0 


1 . 0 


1 . 0 


1 .0 








J. . 3 




1 . 5 




1 . 5 


1 . 5 




















MgO 




















2 0 


9 n 
x . u 




1.0 


1.0 


2 . 0 


0 . 5 


2 . 0 




















Y.Q, 


















P° 2 ° 3 
















































































































































EX2O3 























































I* "0.203 


















B± 2 0 3 


1.0 




1 . 0 


1 . 0 




1 ft 
x . v 


1 n 
x » u 


t A 

x « u 


Sn0 2 




































Sb 2 O s 


















CuO 


















CeD 2 




































Total 


100 


100 


100 


100 


100 


100 


100 


100 



(2:£EH?I mol% ; *fe ^ ^gs| s|) 
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m el 







42 * 


A ^ * 


A Ait 


• D w 


A C 

«o 


t}iU2 


45 . 0 


•a^ ft 

J f * w 


a a n 


33 a U 


■a 0 ft 


37 , O 


AI J U 3 


1.5 


1.0 


X 5 




ft c 


1 c 
X . 0 








*3 0 n 
■tZ > U 




q <a ft 


3 0 . 0 






A ft 


1 ft 


1 ft 


f ft 


1 . 0 


J&2<J 


1 ft 


*> ft 


1 A 


4 ft 


3 . 0 


3 . 0 




n ts 

M • 9 


V ■ V 


4 ft 




3 . 0 


2 . 0 




C ft 


C ft 


C ft 


5 . 0 


5 . 0 


5 . 0 


sro 














ZxiO 


0 n 
0 . \J 


0 ft 


7 . O 


7 . 0 


9 . 0 


9 . 0 


M0O3 






1.0 


1 . 0 


1 * 0 


1 . 0 












































CO3O4 














MttO.2 














CaO 


z . 0 


1 . 5 


2 . 0 


2 . 0 


9 . 0 


2 . 0 


ZxOq 


1.0 


1 . 0 


1 . 0 


1.0 


1 . 0 


1 . 0 


TlOs 


1.5 


0 . 5 


0.5 


0.5 


0 . 5 


0 . 5 


Hf O2 














MgO 










0 . 5 




Fa 


2.0 


2 . 0 






11.0 


1 . 0 


La^0 3 




























SC2O3 










































EU2O3 




























ml. /"v 




























H02O3 




























TM2O3 
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